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Risk Scores to Improve Quality and Realize Health 
Economic Gains in Perioperative Care
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GLOSSARY
ICER = incremental cost-effectiveness ratio; REPS = REsidual neuromuscular block Prediction 
Score; TOF = train-of-four

In this month’s edition of Anesthesia & Analgesia, 
Patrocinio et al1 present a single-center retrospec-
tive cohort study evaluating the REsidual neu-

romuscular block Prediction Score (REPS) and its 
association with a primary composite outcome of 
postoperative respiratory complications. The study 
spans from 2005 to 2018 and includes an impressive 
101,510 patients. The authors found that a REPS of ≥4 
was associated with an increase in the odds of post-
operative respiratory complications. They note that in 
a subsample of 6224 patients with available quanti-
tative train-of-four (TOF)-ratio measurements, a low 
TOF ratio (<0.9) was associated with postoperative 
respiratory complications. The authors conclude that 
REPS is a useful screening tool to identify patients 
that would likely benefit most from quantitative neu-
romuscular monitoring to reduce risk of residual neu-
romuscular blockade and subsequent postoperative 
respiratory complications.1

Our ability to detect and prevent residual neuro-
muscular blockade after general anesthesia is likely 
greater than ever. Despite this, widespread adop-
tion of mitigating approaches, such as applying 
quantitative instead of qualitative neuromuscular 
monitoring2 or choosing sugammadex over neostig-
mine for reversal of aminosteroid nondepolarizing 

neuromuscular-blocking drugs,3 remains low. In addi-
tion to a human tendency to resist changes in behavior 
and practice patterns, cost concerns remain one of the 
most commonly cited barriers to implementing inter-
ventions to improve perioperative patient safety.4 The 
fact that Patrocinio et al1 were able to link a meaning-
ful outcome to a feature of anesthetic practice in gran-
ular detail may aid practitioners in appreciating that 
our actions in the operating room can have serious 
consequences that may not be apparent in the post-
anesthesia care unit. Yet, the authors’ findings that the 
incidence of postoperative respiratory complications 
remained unchanged over 10 years1 points to chal-
lenges for disseminating and implementing practice 
changes in the field.

Development of risk scores to identify patients 
who are most likely to benefit from an intervention is 
a common strategy to efficiently deploy constrained 
resources. Here, we provide context on how REPS and 
similar risk scoring systems can be utilized for the cost-
efficient deployment of new or existing resources aimed 
at improving perioperative care. Determining cost-
efficiency requires an assessment of costs and health 
gains of alternative treatments. We describe 3 ways in 
which health economic evaluation can augment clinical 
investigations and provide support in favor of a new 
intervention: first, by providing direct comparison of 
associated costs and benefits; second, by assigning com-
parative utility of individual outcomes in a composite 
measure; and third, by selecting a threshold risk score 
that maximizes utility rather than statistical power.

REPS IN CONTEXT OF OTHER FINDINGS
Although earlier studies, such as the landmark work 
by Canet et al,5 suggested a definition for postopera-
tive pulmonary complications including pulmonary 
infection, respiratory failure, pleural effusion, atelec-
tasis, pneumothorax, bronchospam, and aspiration 
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pneumonitis, a universally adhered to definition for 
this important outcome does not exist. Patrocinio et al1  
chose to define their respiratory complications out-
come as an invasive mechanical ventilation require-
ment within 7 postoperative days or an immediate 
postextubation peripheral oxygen saturation <90%. In 
addition to arriving at a composite outcome according 
to a clinical event, the chosen postoperative eligibility 
time interval will affect a study’s results. Again, there 
is no uniform agreement. While Canet et al5 chose to 
include the entire postoperative inhospital period, 
some of this group’s earlier studies chose a time inter-
val of 72 hours for the occurrence of postoperative 
pulmonary complications.6 In their current study, the 
time interval was 7 days.1 Hypothetically, residual 
neuromuscular blockade would lead to immediate 
weakness followed by aspiration and then consequent 
development of pneumonia, likely within the follow-
ing hours or days. While the definition of adverse 
pulmonary outcomes may further be dependent on 
the data source (eg, prospective observational versus 
retrospective claims-based data) as well as on the pre-
sumed hypothesis, the field should continue efforts to 
universally agree on definitions for outcomes both in 
terms of events considered relevant and time frames 
judged as applicable. Adherence to uniform outcome 
definitions would permit more straightforward com-
parisons between different studies.

HEALTH ECONOMIC EVALUATION MODELS
As part of informed economic decision-making on the 
adoption of novel treatments, the costs and benefits 
of existing and new treatment approaches need to be 
compared.7 Health economic evaluation models pro-
vide a framework to perform and report the results of 
such comparisons.8 As the name implies, these mod-
els are meant to quantify both the cost of an interven-
tion and the accompanying benefit or the utility. One 
significant advantage of health economic evaluation 
models is to address cost concerns of using a new 
intervention; another lies within the quantification of 
benefits and harms. If a well-performed analysis sug-
gests that the net benefit of an intervention outweighs 
the associated cost, adoption by clinicians will likely 
increase. In addition to awareness campaign efforts by 
professional societies and payment reforms to dimin-
ish incentives for ineffective treatments, a requisite to 
reducing low-value care is the generation of evidence 
that permits clinicians to differentiate the value of dif-
ferent interventions.9 For example, following publica-
tion of a major clinical trial on the lack of benefit of 
axillary lymph node dissection in certain breast can-
cer patients, the proportion of patients undergoing 
axillary dissection declined by 32.6%.10

While numerous analytic approaches have been 
developed, the most frequently encountered health 

economic evaluation models are summarized in the 
Table. Cost-effectiveness analysis, in particular, has 
been thoroughly described and gained popularity 
as a result of its ability to summarize the balance of 
costs, harms, and benefits between alternative thera-
pies into 1 metric, the incremental cost-effectiveness 
ratio (ICER).11,12 Recent examples of cost-effectiveness 
analysis in perioperative literature include screening 
strategies for obstructive sleep apnea before elective 
surgery,13 and comparing general versus spinal anes-
thesia for fast-track abdominal hysterectomy.14

THE ROLE OF RISK SCORES TO GUIDE 
DEPLOYMENT OF PREVENTATIVE STRATEGIES
In their article, Patrocinio et al1 suggest using the REPS 
to determine which patients would likely benefit most 
from adding quantitative neuromuscular monitoring 
before emergence from general anesthesia to reduce 
their likelihood of residual neuromuscular blockade 
and subsequent postoperative respiratory complica-
tions. The rationale for this suggestion is appealing in 
its simplicity. Identification of high-risk patients may 
inform the most efficient strategy to deploy a preven-
tive intervention that is in short supply.

Composite outcomes, which are common in clini-
cal research, permit investigators to increase statisti-
cal power by summing the frequency of rare events. 
However, not every outcome has the same cost or 
clinical impact. As mentioned previoulsy, Patrocinio 
et al1 combined peripheral oxygen desaturation <90% 
within 10 minutes of extubation and reintubation up 
to 7 days postoperatively as the composite respira-
tory complication outcome. From a clinical perspec-
tive, the 2 outcome events have very different impact 
and costs associated with them, depending on the 
management and treatment required. An extreme 
example is the relatively low cost of providing treat-
ment for transient hypoxemia compared to the more 
substantial cost and invasiveness of postoperative 

Table. Abbreviated Summary of Common Health 
Economic Evaluation Models Comparing Alternative 
Treatments/Interventions in Perioperative Medicine

Model Notes
Examples of 
outcomes measured

Cost-effec-
tiveness 
analysis

Consequences of alternative 
treatments are compared in 
natural units

Life years gained
Disability days avoided
Blood pressure  

(mm Hg) reduced
Cost-utility 

analysis
A variant of cost-effectiveness 

analysis
Quality-adjusted life 

year gained
Cost-benefit 

analysis
All consequences of alternative 

treatments have to be trans-
lated into monetary costs

Monetary units

Cost-mini-
mization 
analysis

Consequences of compared 
treatments are required to 
be equivalent

Monetary units

Adapted from Drummond7 and Husereau et al.8
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reintubation and mechanical ventilation, especially 
when they occur after discharge from the postan-
esthesia care unit to the floor.15 A strength of health 
economic analyses is that each outcome (in this sce-
nario, the treatment for transient hypoxemia versus 
reintubation and mechanical ventilation) in a com-
posite measure can be assessed individually, thereby 
providing combined estimates of utility based on dif-
ferent costs of management. The resulting composite 
health economic outcome is a nuanced aggregate of 
both frequency of adverse events and associated man-
agement costs. Accurate measurement of cost is the 
basis of any meaningful health economic analysis. 
For example, a reintubation in the postanesthesia care 
unit due to residual neuromuscular blockade may 
only incur negligible marginal cost, due higher extra 
capacity immediately downstream of the operating 
room.15 Yet, an unrecognized aspiration event due to 
residual neuromuscular blockade that occurs in the 
postanesthesia care unit may lead to pneumonia and 
respiratory failure after transfer to the regular ward, 
where it could incur significant additional costs.

Health economic evaluation also permits the selec-
tion of rational thresholds for risk scores. Discrete 
thresholds are required if a risk score is used to allo-
cate a preventive strategy that is in limited supply or 
comes at a high cost. Most investigators dichotomize a 
risk score based on statistical sensitivity and/or speci-
ficity, often using the Youden index. Health economic 
evaluation models can suggest thresholds based on 
maximizing utility rather than statistical power. One 
can imagine a scenario where statistical sensitivity or 
specificity may be sacrificed in favor of maximizing 
quality-adjusted life years or disability-free survival. 
If the REPS is used within the context of a randomized 
controlled trial, Markov models in conjunction with a 
cost-effectiveness analysis could aid in defining opti-
mal thresholds for maximizing utility or minimizing 
cost using the REPS.

FUTURE DIRECTIONS
Widespread adoption of strategies aimed at reduction 
of residual neuromuscular blockade is lacking in the 
anesthesia community. Changes in clinical practice may 
require a bundle of provider-focused interventions, 
such as a change in available medication distribution, 
cognitive aids, educational components, and financial 
incentives.16 While the REPS may be too nonspecific to 
drive individual anesthesia providers to change their 
practice, its implementation may be more valuable 
when planning distribution of limited resources in a 
health care system. Clinicians are frequently asked to 
explain to hospital Pharmacy and Therapeutics com-
mittees why costlier solutions to a clinical problem 
have value, which is where the evidence regarding 
REPS could provide actionable information.

Risks scores provide essential information when 
performing and interpreting health economic 
analyses to inform efficient deployment of limited 
resources. Validation of parsimonious perioperative 
risk scores based on routinely available data points in 
large observational datasets, such as in the study by 
Patrocinio et al,1 represent a critical step in improving 
health care quality and value. Future research should 
include health economic approaches to define the 
costs and benefits of deploying preventive treatments 
for postoperative respiratory complications in high-
risk groups defined by risk scores. E

DISCLOSURES
Name: Karsten Bartels, MD, PhD, MBA.
Contribution: This author helped write and revise the 
manuscript.
Name: Robert L. Lobato, MD, MS.
Contribution: This author helped write and revise the 
manuscript.
Name: Cathy J. Bradley, PhD.
Contribution: This author helped write and revise the 
manuscript.
This manuscript was handled by: Ken B. Johnson, MD.

REFERENCES

 1. Patrocinio MD, Shay D, Rudolph MI, et al. REsidual neuro-
muscular block Prediction Score versus train-of-four ratio 
and respiratory outcomes: a retrospective cohort study. 
Anesth Analg. 2021;133:610–619.

 2. Naguib M, Brull SJ, Kopman AF, et al. Consensus statement 
on perioperative use of neuromuscular monitoring. Anesth 
Analg. 2018;127:71–80.

 3. Krause M, McWilliams SK, Bullard KJ, et al. Neostigmine 
versus sugammadex for reversal of neuromuscular block-
ade and effects on reintubation for respiratory failure or 
newly initiated noninvasive ventilation: an interrupted 
time series design. Anesth Analg. 2020;131:141–151.

 4. St. Jacques PJ, Minear MN. Improving perioperative 
patient safety through the use of information technology. 
In: Henriksen K, Battles JB, Keyes MA, Grady ML, eds. 
Advances in Patient Safety: New Directions and Alternative 
Approaches. Vol 4. Technology and Medication Safety; 2008.

 5. Canet J, Gallart L, Gomar C, et al; ARISCAT Group. 
Prediction of postoperative pulmonary complications 
in a population-based surgical cohort. Anesthesiology. 
2010;113:1338–1350.

 6. Lukannek C, Shaefi S, Platzbecker K, et al. The development 
and validation of the score for the prediction of postop-
erative respiratory complications (SPORC-2) to predict the 
requirement for early postoperative tracheal re-intubation: 
a hospital registry study. Anaesthesia. 2019;74:1165–1174.

 7. Drummond M. Methods for the Economic Evaluation of Health 
Care Programmes. 4th ed. Oxford University Press; 2015.

 8. Husereau D, Drummond M, Petrou S, et al; CHEERS Task 
Force. Consolidated health economic evaluation reporting 
standards (CHEERS) statement. BMJ. 2013;346:f1049.

 9. Howard DH, Gross CP. Producing evidence to reduce low-
value care. JAMA Intern Med. 2015;175:1893–1894.

 10. Howard DH, Soulos PR, Chagpar AB, Mougalian S, 
Killelea B, Gross CP. Contrary to conventional wisdom, 
physicians abandoned a breast cancer treatment after a 



Copyright © 2021 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
September 2021 • Volume 133 • Number 3 www.anesthesia-analgesia.org 609

E  Editorial

trial concluded it was ineffective. Health Aff (Millwood). 
2016;35:1309–1315.

 11. Sanders GD, Maciejewski ML, Basu A. Overview of cost-
effectiveness analysis. JAMA. 2019;321:1400–1401.

 12. Teja BJ, Sutherland TN, Barnett SR, Talmor DS. Cost-
effectiveness research in anesthesiology. Anesth Analg. 
2018;127:1196–1201.

 13. Sankar A, Dixon PR, Sivanathan L, Memtsoudis SG, de 
Almeida JR, Singh M. Cost-effectiveness analysis of pre-
operative screening strategies for obstructive sleep apnea 
among patients undergoing elective inpatient surgery. 
Anesthesiology. 2020;133:787–800.

 14. Borendal Wodlin N, Nilsson L, Carlsson P, Kjølhede P. Cost-
effectiveness of general anesthesia vs spinal anesthesia in 
fast-track abdominal benign hysterectomy. Am J Obstet 
Gynecol. 2011;205:326.e1–326.e7.

 15. Dexter F, Epstein RH. Postanesthesia care unit costs are 
heterogeneous among hospitals, principally determined by 
delays in patient admission from operating rooms. Anesth 
Analg. 2019;128:1065–1067.

 16. Rudolph MI, Chitilian HV, Ng PY, et al. Implementation of 
a new strategy to improve the peri-operative management 
of neuromuscular blockade and its effects on postoperative 
pulmonary complications. Anaesthesia. 2018;73:1067–1078.


